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AMENDMENTS TO THE DRAWINGS : 

The attached sheet of drawings replaces the original 
Figures 1-11 with renumbered Figures 1-7. Such replacement and 
renumbering introduces no new matter. 

Attachment: Replacement Sheet 
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REMARKS 

Claims 1-17 remain in this application. 

Applicants have amended the specification and abstract. 
The extent and nature of the amendments are such that applicants 
include herewith a substitute specification. In accordance with 
37 CFR §1.125, applicants have enclosed both a version with 
markings showing all changes as well as a clean version. 

Applicants, through their counsel, state that the 
substitute specification includes no new matter. 

Entry of the above amendments is earnestly solicited. 
An early and favorable first action on the merits is earnestly 
requested . 

Should there be any matters that need to be resolved in 
the present application, the Examiner is respectfully requested 
to contact the undersigned at the telephone number listed below. 

The Commissioner is hereby authorized in this, 

concurrent, and future replies, to charge payment or credit any 

overpayment to Deposit Account No. 25-0120 for any additional 

fees required under 37 C.F.R. § 1.16 or under 37 C.F.R. § 1.17. 

Respectfully submitted, 

YOUNG & THOMPSON 

AAAAAAS\ y 

Eric Jensen, R^g. No. 37,855 
745 South 23 rd Street 
Arlington, VA 22 2 02 
Telephone (703) 521-2297 
Telefax (703) 685-0573 
(703) 979-4709 

EJ/lmt 
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APPENDIX: 

The Appendix includes the following item(s) : 

~ a new or amended Abstract of the Disclosure 

[>3 - three Replacement Sheets of the drawings 

£<3 - a Substitute Specification and a marked-up copy of the 
originally- filed specification 

□ - a terminal disclaimer 

□ - a 37 CFR 1.132 Declaration 

i I - a verified English translation of foreign priority 
document 
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MARKED-UP VERSION OF 
SUBSTITUTE SPECIFICATION 



10/519094 

DT01 Rec'd PCT/Fi: 2 7 DEC 2004 

PULLING V-BELT 

The present invention relates to a pull type belt as defined in the preamble of 
claim 1 . 

5 Such belts are generally known in the art, either for application in fixed ratio, or 

for variable ratio transmissions. Such so called V-belts, simply called "rubber belts", 
have since long essentially been produced with a body of a natural or synthetic rubber 
material, and have a reinforcing tensile means in the form of a layer of a plurality of 
tensile elements such as cords, e.g. produced in a synthetic fibre. Commonly the 

10 cords are incorporated in one layer, with the cords lying side by side. The tensile 
means is embedded in a rubber material. Within the layer, sometimes denoted cushion 
layer, commonly a specific type of rubber is applied for optimising the bounding 
between rubber and tensile element. 

One limitation of this known type of belt is that the amount of transmissible 

15 powe r, to bo transforred from one pulley to another, by a wedg i ng, i .e. clamp i ng action 
of tho sheaves of a pu l l e y, is limited by the amount of power that can be transferred 
from the rubber to the tensile means. Thus, the force transferable from one pulley to 
the other is limited by the maximum load of the connection between the rubber and the 
cords within the belt. 

20 Another and major drawback of the known V-belt concerns the smallest running 

diameter that can be attained at a virtually infinite time of operation of the belt. This 
phenomenon is especially relevant at V-belts for application in variable ratio 
transmissions. In these applications it is important to have a sufficiently lateral bearing 
or contacting surface for contacting the sheaves of a pulley, so as to guarantee a 

25 proper and smooth shifting and running feature of the belt. However, this requirement 
increases the radial height of the conventional V-belt and therewith the bending stress 
in the belt. Bending stress occurs in a high extend at the radial outer side of a belt. 
Probab l y for th i c roacon, the tonc i lo olomonts of the known, i .o. oonvontional rubbor 
bo l t aro l ooatod c l osost possib l o to tho radia l outor curfaoo of bo l t. T he bending stress 

30 also affects the connection between the body and the tensile elements, which 
connection plays an important role because of a requirement to have a sufficiently 
large surface area on the tensile elements for bonding, i.e. adhering these to the body 
material of the belt. Tho bond i ng shou l d bo cuch that a m e an i ngful amount of forc e 
can bo transm i ttod sti l l during o.g. an i ndustr i a ll y moaning fu ll poriod of oporation t i m e 

35 of tho bolt. 
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One so l ut i on for r e ducing i ntorna l b e nding stross common l y app li ed i n 

commoroial i cod bolts ic to provido latera ll y oxtond i ng, gonoral l y V chapod oponings at 
tho rad i a l i nt e r i or sid e of tho bo l t. I n th i s way tho bond i ng ho i ght of the b el t i s reduc e d 
w i th tho rad i a l dopth of tho opon i ngc. St i l l a r el at i vo l y h i gh pu ll oy contact i ng faco may 
5 bo ma i nta i nod at tho rubbor bod ie s botwoon thoco groovos. Cons e qu e nt l y, th e 
bond i ng strosc ic roducod proportional l y w i th tho dopth of tho groov e . 

Yot, m Many commercial applications still require a low cost solution with an even 
smaller smallest running diameter feature of the belt, e.g. at application in the drive 
line of scooters, or under the bonnet of a personal vehicle where space is scarce. 
10 Scootors havo. locatod noar tho roar whoo l , a ro l ativo l y bu l ky transmission caco as 
part of tho drivo l ino. Tho drivo l i no, in part i cular the bu l k i noss thoroof lim i ts tho dos i gn 
froodom of this two whoo l od motoricod vohic le . 

One mannor for atta i ning a v e ry sma ll runn i ng d i amotor of a rubbor bo l t i s to 

dos i gn a ro l at i voly w i do width bo l t w i th a p l ura li ty of ond l ocs V - shapod groovos 
15 prov i d e d l ong i tudina ll y to tho i ntor i or, i . e . th e rad i a l i nn e r side of tho bo l t. I n this 
mannor a bo l t of ro l at i voly l ow ho i ght, a ll ow i ng a ro l at i vo l y sma ll smal l oct running 
d i amotor is atta i nod. In th i s so l ut i on th e rat i o is fixed and tho bo l t i s no l ongor 
app l icab l o in a variab l e transmission. 

Anoth e r d i sadvantage of th e known V - b el t is that tho rubb e r body roquir e d for 

20 proper clamping botwoon tho shoavec of a pul l oy i s ont i roly disposod at tho rad i a l 
inn e r sid e of tho tonsi l o moans. Location at tho radia l outer c i do of tho tonci l o moans 
could oauco tho rubb e r body part to doform, i.o. to bu l go out i n rad i a l diroct i on, und e r 
tho clamping action. The d e format i on may bo such that tho funct i on of tho body is l o 6 t 
at l oact to a l argo oxtond. Bu l ging out i s in convont i ona l V - bolts a.o. counteractod by a 

25 rad i a l outor l ayor of roinforcod mater i a l . Th e c l amp i ng body for th e bo l t is consoquont l y 
c i tuatod bo l ow tho tonsi l o m e ans, i.o. at tho radia l i nnor s i de of tho b e lt. Whon 
transm i ss i ons w i th sma ll d i amotors aro sought for, e .g. at lim i tod cpaco app li cat i on s , 
this phonomonon r e ducoc tho rango of transm i ss i on rat i os that can bo attainod. 

A nothor high power solution known in the art of pull belts is provided by EP-A-0 

30 826 901 . This solution doscr i boc a r e lat i voly oxponsivo bo l t of a re l at i voly comp li catod 
ctructuro, d i reotod to and part i cu l ar l y cuitab l o for ro l at i vo l y h i gh powor transmission 
systems. The design of this belt features transverse elements, so callod b l ocks, having 
a fixed position relative to a tensile means, denoted load carrier. The 4©ad-carrier 
consists of two endless parts, oach of which i s placed into laterally extending slots of 

35 the transvorso elements. The load carriers oach have an rubbor li ko elastically 



3 



deformable mator i al body of noticeable height, in which a centred lay or of t e ns i le 
o l omonto i n tho form of strings is incorporated. The tensile means and the manner of 
incorporation correspond to what is known from conventional V-belts, and have the 
associated draw back of limited transfer of force per unity of width. The transverse 
5 elements of this typo of b el t aro produc e d with have a metal core coated with a 
synthetic material so as to achieve both a desired amount of axial stiffness and a 
required amount of friction with foe-sheaves of a pu ll oy . Th i s d esi gn rondors a 
ro l at i vo l y comp li catod manufaoturo. Also, tho body of tho l oad carr i ors or tonsi l o 
moans show a ro l at i vo l y oomp li oatod prof ile d shapo, d i fforont at tho radial i nnor and 

10 tho radial outor surface and match i ng tho prof ili ng of tho l atora l s l ots of tho trancvorso 
e le m e nt s . After the driving force has been transmitted from the sheaves to the 
transverse elements, the latter carry this force over to the tensile bodies by sa i d a 
different upper and lower profiling therein . Subsequently the force is conducted from 
the body of the load carrier to the layer of cords in the conventional manner. The 

15 prof i l i ng of th e e le monts and of l oad oarrior por so, oach w i th two c hap e s, may 
d i cadvantagoouo l y form an add i t i ona l drawback at manufacturo of tho b e lt. 

Yet another proposa l for i mprov e ment of th e convont i onal V - b el ts solution is 
provided by US 4,915,677. The publication discloses a pull belt with one or a plurality 
of a so-called tension resistant members, embodied by a layer of cables. This known 

20 pull belt is preferably provided with metal transv e rs e elements proforably of a mota l 
mat e r i a l which are opened-to the radial outer side by a recess. The bottom c i do of the 
recess is profiled for receiving a plurality of cables disposed in a layer at a level in the 
upper, i.e. radial outer half of the elements. For tho cako of improvement of the force 
distribution in tho oloment , a filler element is present, filling the recess and aiding-i* 

25 the bonding between the cables and the elements. The bonding is enhanced by an 
elastomeric mass joining the transverse elements and the tension resistant member. 
Thus, a l so th e This design proposed by th i s docum e nt suffers from the drawback of the 
conventional V-belt, in that the transmittable force is limited by the force transmittable 
from the elastomeric body to the cables incorporated therei n. Moroovor fabr i cation, i .o. 

30 mManufacture is also complicated by the requirement of precisely receiving the cables 
in the relevant recesses between the element and the filler. A disadvantage exists in 
that the pulley contacting limbs tond to deflect inwardly under high pressure , so that 
i ncuffic i ont clamping forco i s takon up by tho o l omont as a who le. It was suggested to 
fill up the recess for roco i ving tho tonsi l o moans, i .o tho cpaco botwoon tho li mbs by a 

35 filler plate, preferably to be welded between and against said limbs. This solution 
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complicates the design of th e b e lt and raises production costs. Tho bolt accord i ng to 
thio solut i on was d i mons i onod to accommodato ro l at i vo l y l arg e powor transm i ssions. 

The present invention thus seeks to improve the pull belt type for variable 
transmissions in such a manner that a relatively small smallest running diameter can 
5 be attained at application in a transmission, in particular a continuous variable 
transmission, without undue sacrifice to durabilit y, i.o. l ifo span of the belt, nor to force 
transmittable by the belt, and without undue complication of tho design and 
manufacture of tho bo l t . In particular the invention aims to provide a design technically 
and economically applicable and without undue manufacturing efforts, more in 

10 particular in the area of relatively small power transmissions like at the conventional 
rubber V-belt designs. 

According to the invention, such is attained by the characterising portion of claim 
1. The ultimately thin tensile element as featured in the design according to the 
invention effects a very low bending stress in the tensile element, thus enables a 

15 relatively long life time of tho bo l t , or very small smallest running diamete r of tho b e lt at 
equal life time. This feature of tho invontion is made possible by a moacuro to 
extending the tensile element over a broadest possible width, i.e. possibly as broad as 
the belt or any element incorporated therein, however without contacting the sheaves 
of the pulley. In practice good results may be achieved with the width being from 0.5 

20 up to 1 times the width of the belt or, if transverse elements are incorporated in the 
belt, from 0,5 to 0,9 times the width of the element at the effective running diameter of 
the belt. The tensile element is according to the invention preferably located central to 
the radial height of the belt. By this measur e accord i ng to tho invontion , the tensile 
stress within the tensile means is reduced to a minimum, specifically since it is 

25 combined with the feature of being a thin bladed means, i.e. having radial thickness of 
minimal amount. 

By tho abov e sa i d foatur e s a bo l t accord i ng to th e i nvont i on may i n a f i rst 

ombod i mont bo usod favourab l y both as a rop l acomont of V - bolts hav i ng a p l ura l ity of 
l ong i tudinal groov e s, sinco it roqu i ros on l y a sma ll amount, i n a f l at l ayor of olastical l y 

30 doformab l o matoria l , proforably at oach sid e of tho tonsi l o moans for creating a 
comparablo amount of fr i ct i on surfaco, whi l o it may bo bond oasily ovor ovon sma l lor 

diamotors and with oqual contact i ng foaturos at both rad i a l oidos of tho bo l t. 

Tho bolt accord i ng to tho invont i on may i n a furthor o l aboration a l so favourab l y 

bo app l iod as a rop l acomont of tho tons i lo moans as usod in an arrang e ment liko EP- 

35 A 0826001 by adopt i ng tho appropr i ato prof il ing for tho olomonts thoroof. W i th a bo l t 
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according to tho presont invention, th e ca i d V bolt arrangomont may adopt ov e n 
cma ll or running diamotors, smaller p i tch dictancoc and h i ghor powor throughput. 

I n a third ombodim e nt of th e i nv e nt i on t The new belt is produced suitable for a 
continuous variable transmission by the provision of transverse means having a centre 
5 opening through which the tensile means is passed, and with an elastically deformable 
material located longitudinally in between the transverse means, and having an 
adhesive connection with a radial surface of the tensile means. 

In tho abovo ombodimontc of tho i nvontion, a doub l o l ayor of ultra thin matoria l , 

i c favourab l y app l iod, of which accord i ng to tho i nvontion rad i al fac i ng s i d e s ar e 

10 mutually connoctod, oithor mochanioally or by an u l tra thin l ayor of gluing mat e r i al 
cuch as motal g l uo, an onding p i oco of strap i s made e nd le ss. This i s according to th e 
invontion moot favourab l y porformod whon at le ast v i rtua ll y tho ont i ro l ongitudina l 
l ongth of s o croatod ondloss m e ans i s prov i dod w i th a doub l o l ayor. Pr o forab l y 
howovor, a min i ma l overlapping part of throo l ayorc i c croatod, o.g. up to 5% of the 

15 l ongitudinal l ongth. I n case tho bolt accord i ng to tho i nv e ntion i s prov i dod w i th 
tranGvoroo olomonts according to the i nvontion, no i n botwoon g l uo i c roqu i rod, s i nc e 
uco is favourab l y mado of an intormodiat e e last i ca ll y mat e ria l adhorod to both radia l 
c i doc of a comb i nod l ayor of tonci l o moans, provonting tho tonc il o m e ans from b e ing 
pu ll od to a l ooso assemb l y, form i ng a particu l ar e mbodim e nt of mochan i ca l connoction 

20 botwoon ond parts of a c i ng l o ctrap o l omont. 

The invention may also be characterised as a tensile belt where elasticity and 
stiffness requirements of the different subcomponents are split up in such a way that 
they are optimal for the requirement of that component. This leads to a tensile belt that 
is suitable for very sm«all running radii and which has minimal internal losses leading 

25 to a high efficiency belt and low operating temperatures, which is specially important 
for belts that are partially or completely composed of polymers and/or elastomers. 

In the current belt, transverse elements that are stiff enough to prevent 
deformation of the belt between the pulleys, reducing internal friction losses and 
forming a beam to resist the required clamping force of the pulley sheaves. These 

30 elements may favourably relatively easily be provided with a relatively high resistance 
to wear. The belt further includes spacing means of an elastic material with negligibly 
modules of elasticity to eliminate bending stresses in the belt and with a good bonding 
performance with the radial surface of e.g. a metal strap like tensile means. Thus a 
good transport of driving force from the tensile element to the transverse elements or 

35 vice versa is made possible. The spacing means is in this arrangement compression 



loaded by the force transfer between tensile element and transverse element and vice 
versa, preventing peel of the bonding layer between spacing means and tensile 
element. 

Whon a doublo l ayor of tonsi l o choot o l omont i c ucod, according to a cpoo i f i c 

5 ombod i mont of th e i nvont i on, a hoavy duty motal groaco is ucod botwoon thorn, whi le 
the s i d e s ar e bo i ng coa l od with a camo o l actomoro ac for tho spac i ng moanc, l oading 
to woar roduction botwoon the l ay e rs. 

The invention will now be elucidated further according to a drawing in which: 
FIGURE 1 A to 1C relate to conventional rubber V-belts; 
10 F I GURE 2 ic a f i rst ombodimont of tho V - bolt accord i ng to tho i nvontion, w i th 

transvorso o l omontc mochanically coup le d to a t e nsi l o moans; 

F I GURE 3 ic a f i rst a l tornat i vo ombod i mont of a V-bo l t accord i ng to tho i nvont i on; 

FIGURE 42 is a perspective view of cocond and proforrod a l t e rnat i v e an 

embodiment of the V-belt according to the invention; 
15 FIGURE 5-3_is an illustration of different techniques according to the invention 

for realising an endless tensile means within the belt; 

FIGURE 6 ^sch e mat i cal l y shows an a l tornat i vo and proforrod ombodim e nt of 

tho tons i lo moanc, i .o. cons i sting of two layorc; 

Figure 7-4_illustrates an advantage of the belt according to the invention when 
20 applied as a replacement belt for a conventional belt; 

Figure 85 illustrates a preferred shape of the transverse elements; 

F i guro 0 by coct i onal v i owc of d i fferent transvorso o l om e ntc, il lustratos pocs i b l o 

chapoc of a transvors e ele m e nt accord i ng to th e i nv e nt i on; 

FIGURE 49-6illustrates a common manner of operating a conventional rubber V- 
25 shaped belt in a continuously variable transmission; 

FIGURE 447 illustrates the possible reduction in dimension of a transmission or 
variator when the belt according to the invention is applied instead of a conventional 
belt. 

The following description departs from the overall shapes and elements of a V- 
30 belt and of the associated and mentioned manufacturing processes as commonly 
known per se. The invention is primarily found in the new design of the belt. 
Secondarily the order and manner of assembling the separate components in the belt 
according to the invention are mentioned. 

In figure 1, three conventional rubber belt types are represented, a first one 
35 suited for transmissions having a fixed transmission ration. A second one typically 
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adapted for variable ratio transmissions, and a third one typically adapted for uses with 
small running diameters, however, only suitable for a fixed ratio transmission. 

In figure 1 A the conventional rubber V-belt 1 for fixed ratio transmission is shown 
with an outer coating 2 all around the belt 1. It has a rubber body 5 of soft elastic 
5 nature, and a thin outer coating of a relatively hard elastic nature, however providing 
resistance to wear. Embedded in an embedding layer 3 of material specifically suitable 
for connecting to a tensile means 4. The tensile means 4 consists of a layer of 
relatively thin rope, e.g. a Kevlar material, wound equally distributed over the width of 
the belt. The radial thick body 5 prevents the belt from adopting small running 
10 diameters, however promotes a stable running of the belt in the V-groove between the 
sheaves of a pulley. 

The belt according to figure 1B is modified in that no surrounding is outer body is 

provided, in that the body is of a stiffer rubber type and is at the radial inner side 

provided with transverse grooves, commonly distributed at even distances of between 
15 0.8 and 1 .5 cm. At the radial outer face, a reinforced layer of relatively stiff material 6 is 

provided, supporting the stiffness of the belt in axial direction, thereby enhancing the 

efficiency of the belt. 

The belt according to figure 1C is provided with V-shaped grooves 8 extending 

in longitudinal direction, thereby increasing, i.e. regaining contacting area with 
20 correspondingly grooved fixed ratio pulleys of a small running diameters. No outer 

support layer 6 is required since the belt is not loaded with axial thrust originating from 

sheaves of a pulley. 

F i gur e 2 roprosentc a first principal mod i ficat i on of tho V - typo pu ll b el t i n 
nocordanoo with an i doa undor l v i na tho invontion. I t The invention shows a separation 

25 in function of a transverse clamping means 13 and a tensile loadable body 1 1 , in casu 
embodied by a flat strip of a tensile loadable material, preferably spring type steel or a 
synthetic tape of a synthetic uni directional (UD-) material. A transverse element 13 is 
mechanically coupled to the tensile bod y 11. . i n casu by a pop nai l construction known 
por so, wherein tho na il i s part of tho trancvorco o l omont. I ntornal l y i t chowo a U- 

30 chapo, of wh i ch tho bottom part forme a contacting faco for contacting tho tens i l e 
body. I t i c of a width matching that of tho tonci l o body. Tho contact i ng face i c contra ll y 
prov i dod w i th a nai l part. The transverse element may be composed of metal but is 
preferably entirely composed of a synthetic material. Tho na il part i c i ncortod through 
an opon i ng in tho tonsilo body, and subs e quently poppod, o i thor mochanica l ly i n caso 

35 of a m e ta l na il or thormo - mochanica ll y i n caso of a cynthot i o materia l . 
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The strip 1 1 forming the tensile bod y 1 1 according to the invention , composed of 
metal like spring steel or of unidirectional synthetic tape ("UD-tape") . is of a thickness 
considerably smaller than that of the cords 4_applied in conventional tensile bodies. 
Typically the reduction in thickness is of a factor between 5 and 10 times the 
5 conventional thickness. According to the invention the metal or synthetic strip 1_1 
applied is of a thickness between 0.04 and 0,25 mm, more preferably up to 0,1 mm, 
compared to conventional cord thickness of between 0.6 and 1 .2 mm. This measure in 
accordance with the invention effects a considerable reduction of bending stress within 
the tensile bod y 11 , implying a longer life time when a belt 10 with such tensile 

10 element 1 1 is run at a corresponding running radius, or an equal life time at a 
considerably smaller running radius. 

The immense reduction in thickness of the tensile element 11 is in accordance 
with the invention made possible through the fact that the tensile element 1 1 is 
produced strip like, i.e. entirely flat. By this feature, compared to conventional layers of 

15 cord_4, the required small amount of space between the cords 4Js entirely occupied in 
width wise, i.e. lateral and axial direction. Very importantly, by this design of the tensile 
element 1 1 , very high contacting pressures between tensile body-©f — olomont l 1 may 
be realised since a danger of the cords 4_cutting through the body of the transverse 
elements 13 or of an additional layer within the tensile body is strongly if not entirely 

20 taken away. In the present design, the transverse element 13 and the tensile body H 
mutually engage for driving action mechanically ^, both by sa i d i nsortod na il and by a 
fr i ct i onal contact botwoon contact i ng faoo and tho tons il o body. 

Another characterising feature of a design in accordance with the invention, is 

that the tensile body IJjs located centred in radial direction relative to the radial height 

25 of the contacting faces 14 of the transverse elements 13, thus further reducing the 
tensile load and stress on the tensile element 11 in the belt 10 . In the present 
embodiment where the tensile body 11 is solely formed by a tensile strip 11, and 
where the thickness of the strip 11 may virtually be neglected, this implies that the 
effective point of contact or location of the friction force of a contacting face 14 is 

30 located virtually centred relative to the radial height of the contacting faces 14 of the 
element 13. 

F i gure 3 roprosontc an altornat i v e conctruction for tho bo l t according to figuro 2, 
i n which tho toncilo body is providod w i th l atora l oar parte or in rovorcod conco, with 
o l ot li ko oponingc. Tho oponingc chow ax i a l contact i ng rims by which tho tons il o body 
35 io contaotod. Tho oponingc havo a l ongitudinal dopth f i tting tho thickness of a 
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transvers e e le mont, at l oact th e l imb part thoroof. Tho total w i dth of the tonc il o body is 
loss than th e l ocal w i dth of tho transvorso ol e monto, so as to provont tho tons i lo body 
from contacting tho shoavos of tho pu ll oy. Tho axia l w i dth of tho s l ott e d op e n i ng 
substantial l y oorrocpondc to tho l oca l w i dth of tho li mbs of tho transvers e o l omonts. 
5 Proforably tho opon i ngs aro croatod by bonding tho mat e ria l or i g i nally present in th e 
s l ot aroa i n downward or upward diroction, according to an axia l fo l ding l i no co i nc i d i ng 
w i th an ax i a l contact i ng rim for contact i ng a tran s vorso ele mont. Tho drawing, the 
transvorso olomont may bo prov i dod w i th rotractablo l i mb parts for koop i ng tho tons il o 
o l omont i n p l aco. Ov e r l app i ng e nds of the tons i lo olomont aro f i xod i n l ong i tud i na l 

10 d i roct i on via sa i d oar parts 

The tensile body ULmay also be produced as a tensile strip 11 coated with an 
elastically deformable material 12 such as vulcanised rubber or a synthetic rubber 
material. The presence of the elastic material 12Jn this context assists in levelling local 
pressure peaks, thus enhances lifetime of the belt. 

15 In the embodiments according to figures 42 advantage is taken of the 

circumstance that in accordance with the invention it is relied on the shear force 
feature of the elastically deformable material of the intermediate body 12, rather than 
on the tensile force coefficient of this material, implying that a relatively high tensile 
force can be carried over in the tensile means 11 . For tho l att e r r e ason a V - b el t 

20 according to tho i nvontion may bo ombod ie d w i th a ro l ativo l y sma l l, i .o. thin layor of 
o l ast i c mator i a l b e tw ee n tho e nds of tho tonsi le ele m e nt. 

Figure ^^schematically depicts the structure of an embodiment according to the 
invention in which connection between the tensile element 11 and the transverse 
element 13 is realised through an elastically deformable material 12, firmly bonded, i.e. 

25 adhesively connected to the strip element 1 1 , e.g. glued or otherwise bonded, with the 
material preferably extending over the width of the strip 11 . In the embodiment 
according to figure 42, first the elements 13 are shifted over the tensile element 1 1 
after which the elastic material 12 is applied. Accord i ng to an a l tornat i vo ombod i ment 
of a manufactur i ng prococs, tho tons il o olomont is f i rst coatod w i th tho olast i c mator i a l 

30 aftor which tho transvorso olomonts aro shapod with an i njoction mou l d i ng machino. I n 
both embod i m e nts for a manufactur i ng proc e ss t The tensile body 11.12 consists of a 
mirrored profiling at each of both radial inner and outer surface face of the tensile 
means 11. The elastic material 12 is at least present longitudinally in between two 
adjacent transverse elements 13 and is firmly connected to the strip element 11, i.e. it 

35 has an adhesive bonding, either or not enhanced by mechanical or chemical treatment 
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of the radial surface area of the tensile means 1 1 . It has a very high resistance against 
shear and peeling, alternatively denoted a high coefficient of adhesion. Preferably 
vulcanised rubber is used for this purpose, however, also a combination of dedicated 
surface treatment and a subsequent application of synthetic rubber showed useful 
5 results. 

The transverse element 13 in these embodiments extends two sided over the 
tensile body 1 1 , thus shows a centralised slotted opening 1 5 fitting a cross section of 
the tensile body 1 1 . In accordance with the invention, the elements 13 aro mou l dod i n 
locat i on around tho tone i lo moans. Equa ll y howovor, the tran s vorso o l omonts may bo 

10 out out of a piooo of cu i tab l o mator i a l , or may be individually (injection) moulded and 
subsequently be tacked or stringed to the tensile strip 1 1 , brought into mutually correct 
position by means of a mall. In case of moulded elements 13. a distance boss 16 is 
provided to the elements 13 . Subsequently the elastic material 12 is provided by 
injection or transferee moulding, intermediate to the transverse elements_1_3. 

15 Application of the intermediate elastic material 12 in the embodiment according to 
figure 4 can e.g. be done by one or more injection nozzles directed to the surface of 
the tensile strip 11. At each embodiment, the elastic material 12 is provided over a 
thickness of more than 1 mm above the strip surface and preferably at a maximum of 
half or less than a quarter of the total radial height of the contact face 14 of a 

20 transverse element. However, the gap between transverse elements 13 may without 
undue influence to the basic function of the belt also be filled entirely. 

Preferably the central opening 15_in the transverse element 1 3 shows a rounding 
17 or a chamfer 17 of the edges as seen in radial and - belt wise - longitudinal cross 
section. In this manner both the tacking of the elements 13 over the strip 11 is 

25 enhanced by the presence op a funnel like entry of the opening 18. Also, the contact 
between the element 13 and the elastic material 12 is optimised. Further it is realised 
that any damaging contact between element 13 and tensile strip 11 , likely to be 
caused by a high surface pressure due to sharp edges at the element 13 is minimised. 
The latter shape of the element slot 15 according to the invention, at driving activation 

30 of a transverse element 13 by the sheaves of a pulley, urges the element 13 on to the 
intermediate material 12. By the chamfer 17 or otherwise manner of rounding, a 
funnel-like opening 18Js created at the central opening 15 of the element. The elastic 
material between two transverse elements 13 , by the funnel shape 18 , tends to 
become gradually compressed towards the surface of the tensile strip 11 under the 

35 influence of any longitudinal driving force of a transverse element 13, thus causing the 
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internal friction capacity of the elastic material 12 and the friction with the strip surface 
to be increased, optimising the transfer of driving power from the transverse element 
13 to the tensile strip. 

Figure 8 land 9 shows an examples of such above described funnelled 

5 openings 18 . in casu with a rounded , r os poct i vo l y chamforod opening. Due to 
subsequent injection of the intermediate material 12, the latter adopts the shape 
created in the opening 18 of the element 13. 

I n tho ombod i mont accord i ng to f i guro 4, tho b e lt accord i ng to tho i nvont i on may 

bo produc e d by coat i ng tho str i p o l om e nt first, w i th a rubbor of s ynthet i c rubbor l ik e 

10 matorial, proforably i n a prof il ing match i ng the abovo dosor i bod chamfor or round i ng, 
proferab l y symmetr i ca ll y at both radia l sidos of th e t e ns ile body, and subsoquont l y 
mou l ding th e transvorso olomontG i n placo, us i ng a suitablo mall for maintaining tho 
tonsi le body i n a des i red pos i tion and shap i ng tho trancvorco o l omonts. 

In accordance with the invention the transverse elements 13 are produced of a 

15 very stiff, i.e. non-compressible synthetic material, preferably fibre reinforced, having a 
high temperature resistance, i.e. preferably over 100 or even up to 150 degrees 
Celsius, and with a reasonable coefficient of friction in combination with metal 
sheaves. One such material is of the acetal group (POM). Any alternative matching 
such criteria, such as high tech thermosets like phenol based materials or high tech 

20 engineering plastics with or without fibre filling may equally be applied however. 
Although a metal transverse element 13 could be used, the invention applies a 
synthetic material so as to more easily provide the elements 13 with the desired shape 
details, and so as to enhance manufacturing of the elements and equally to enhance 
assembly of the belt 10 according to the invention. 

25 Figure 53 illustrates several manners of realising an endless tensile means 1 1 

produced in a single layer effectively. The upper manner simply shows two end parts 
20 of a tensile means 11 overlapping radially. A mechanical stopping means 21, 22 
may be provided according to the invention, either by bending an end part 21 of the 
tensile means 11 transverse to the longitudinal direction, or by locating a rim 22 on a 

30 radial face, e.g. a soldered rim. 

F i guro 6 4 i n accordanco w i th tho i nvont i on chows a proforr e d mannor of 

incorporat i ng a toncilo o l omont i n tho now V - bo l t. I n th i s chown ombod i mont tho tonsi le 
moanc i c producod in two layors. In tho ombod i mont shown tho tonc il o moans consists 
of two parts. Proforab l y, though not d e p i ct e d, tho tonc il o means i s producod of ono 

35 p i oco, with tho ondc ovor l apping to a sma ll e xt e nd. I n both ombod i monts th e ondc aro 
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mutua ll y — interconnected — via — toe — transvers e — o l omonts. — Add i t i ona l — mochanica l 
connections may bo usod, o.g. v i a tho i ntormod i ato olactica l ly doformab l o moans. I n 
this mannor tho tonc il o o l omont i s v i rtua ll y mad e ond l oss. Th e thicknoss of th e 
olomont is in this caso takon ha l f tho th i cknosc roquirod for transferr i ng a forco i n tho 
5 ombod i mont w i th ono l ayor off o ct i v el y. 

Figure 75 shows a further advantage of the present i nvont i on wh i oh invention, 
which is most favourably used when the current belt 10 is applied as a replacement 
belt for a conventional rubber belt, i.e. in a variator of otherwise conventional 
dimension. Since the tensile means JMJs located radially centred, the driving force of 

10 the transmission is effectively located at radial lower point of up to 5 mm. This 
phenomenon is of a relative high significance at the smallest diameter, compared to 
the situation at the other driving wheel where the largest running diameter occurs at 
such instance. Thus in the initial stage of transmission, an improved so called launch 
performance, e.g. at scooters is achieved. 

15 F i gur e 8 i n dotai l shows a prof e rr e d ombodimont of a transvorso ele m e nt, with 

d i ctanco bossos for mutual l y easi l y posit i on i ng tho o l om e ntc whon strung on a tens i l e 
o l omont. Tho boss e s aro l ocat e d at tho radial le vel of the tensilo moans. By tho cross 
coot i on on tho r i ght hand s i do of tho f i guro, tho roundod contact faoo of tho o l omonts 
for contact i ng th e tens i le m e ans is shown, croat i ng tho oar li or descr i bed, and 

20 favourablo funn el shapo. Howovor, as i l l uctratod by tho comparab l o crocs coot i onc in 
f i guro 9, d i fforont shapos bo choson, i ncluding a tr i angular w e dg e shapo and a simplo 
c l ottod oponing. 

Advantages of the belt 10 according to the invention include the reduced 
smallest possible running diameter, and the small, material saving transmission case 

25 consequently required, an increased efficiency of the belt due to reduction of internal 
losses otherwise caused by compression, both in longitudinal and in axial direction, 
and an increased life time of the belt due to the use of reinforced, non-compressible 
synthetic material in the transverse elements, and to the reduced tensile stress in the 
tensile element, due to it's strongly reduced thickness. Moreover, the belt according to 

30 the invention may realise a significantly increased transfer of power due to the lower 
position of the tensile element as compared to conventional rubber V-belts. 

Figure 49-6_and 447 together provide an indication of the effects attainable with 
a belt 10 according to the present invention. In Figure 406, schematically part of 
transmission line of a scooter is shown with the contour of a pulley sheave to the front 

35 side at the left hand side of the figure and one to the rear side at the right hand side in 
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the figure. At the front side the smallest possible running diameter is utilised since the 
take off or launching of a vehicle is only short lived. At the rear wheel however, the 
smallest running diameter, occurring in overdrive (OD) situation occurs most of the 
operation time of the vehicle. So as to enhance life time of the belt, the smallest 
5 running diameter is commonly limited to a diameter about twice that of the smallest 
diameter at the front pulley. With a belt 10 designed in accordance with the invention, 
such limitation may be omitted. Moreover the smallest possible running diameter is 
even further reduced, so that for achieving a comparable transmission ratio, the 
diameter of the pulleys may be reduced. 

10 Figure 44-7_shows that the overall length of a transmission drive line may be 

significantly reduced. This may amount from about 75% of the smallest possible 
distance D2 between the axes of two conventional pulleys up to almost 50% of the 
currently applied space D1 between the pulleys of nowadays scooters. Thus the 
invention also relates to a scooter or alike vehicle, having a variator, with a belt 1_0 

15 according to the invention, and integrated with the engine, i.e. incorporated within the 
dimensions thereof, and having a fixed ratio transmission, e.g. by a belt between the 
variator and the rear wheel. 

When a belt 10 according to the invention is merely applied as a replacement 

belt, i.e. with a conventional dimensioning of the variator, still a significant advantage 

20 exists in a structurally higher potential of transferring power due to the low position of 
the tensile element 11. It may a.o. be used to enhance the driving characteristic of 
such vehicle in the LOW driving mode. For instance, the coupling may be tuned to 
close somewhat earlier, so that a driving force may already be transferred at lower 
engine speed, due to the enhanced torque transmission capacity in combination with 

25 a belt 10 according to the invention. 

The invention apart from the preceding description and all details of the drawing 
in particular relates to the following set of claims. 



ABSTRACT 

Tho i nv e ntion ro l atos to a A drive belt for rotational transfer of a, force 
between two or more drive wheels — is provided with a tensile moans element for 
5 transferring the force to be transferred between said -the drive wheels, and a contact 
body for realising contact between the belt and the drive wheels, the contact body 
being composed of a plurality of transverse elements, and between which transverse 
elements, as taken in the longitudinal direction of the belt, in adhesive contact with the 
tensile means, is provided an intermediate body of a relatively soft elastically 
10 deformable material. The tensile moans element comprises a strap like moans device 
of minimal thickness, the width of which strap like m e an s device substantially 
corresponding to the width of the contacting body at the level of the tensile means 
element in the belt, and the strap like moan s device being incorporated in the belt with 
radial overlapping end parts. 



